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Abstract. Structural dynamics of bee communities was described in the heath area subject to succession of coniferous forest Peu-
cedano-Pinetum. As pine trees successively overgrew the area, two-threefold decrease in the number of species was observed. Flower-
ing of heather increased the food attractiveness of the heath for species of social bees. Stabilization of the structure of bee communities 
in the heath was observed as a consequence of placing a portable apiary.
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1. Introduction
Grasslands and heaths of sandy habitats developed in his-
torical times as a result of human cultural activities. Their 
frequent occurrence is related to inland dunes in river val-
leys. And there, they are being transformed into xerother-
mic habitats, which are then being settled with bees (Api-
formes), following the encroachment of flowering vege-
tation. This taxon comprises very active phytophagous 
species specialized in collection of pollen and nectar from 
flowering plants (Pawlikowski & Kruszyński 1997). In 
terrestrial environments, they form communities of multi-
species populations competing for resources (i.e. food and 
space for reproduction) within a biocoenosis, or within 
a complex of biocoenoses in a given landscape. 
In the eighties and the nineties, communities of bees 
were studied in the Toruń Basin regarding the processes 
of succession and development on dune grasslands (Paw-
likowski 1985), as well as in forest monocultures (Paw-
likowski 1992). In this research, however, no proper atten-
tion was given to the significance of grassland and heath 
patches for the establishment of bee communities during 
succession of biocoenoses from the Peucedano-Pinetum 
series. Habitats of this series predominate in the Toruń Ba-
sin. Therefore, materials from the 1980s were used and 
they were worked out in detail as a separate subject, not 
undertaken previously. This study presents it as transfor-
mations of the structure and functions of xerothermophil-
ous communities of phytophagous species during succes-
sion of their habitat biocoenoses.
2. Material and Methods
The research was carried out in 1984–1985 within the 
heath area and adjacent, open dry pine forests on the south-
ern outskirts of the administrative boundaries of the city 
of Toruń, within the Toruń Basin (North Poland, UTM: 
CD37). The dominating potential forest association of the 
studied area is pine forest Peucedano-Pinetum (Kępczyński 
1980). The real vegetation comprises heath patches accom-
panied by patches of dune grasslands, which are subject 
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to spontaneous pine spreading (Pinus sylvestris L.) and 
get transformed into multiage young growths (Pawłowski 
& Zarzycki 1972; Symonides 1974). Whereas, the same 
patches in contiguous pine forests have been and still are 
subject to forest management. In these developmentally 
heterogeneous areas, three locations were selected, repre-
senting succession and developmental states of the forest 
association Peucedano-Pinetum (Tab. 1). During the veg-
etation season of 1984, a portable, ca. fifty-hive apiary was 
placed in the vicinity of the heath. At the time of heather 
blooming, the apiary was placed directly at the sites of 
young forest stands (YF and TF).
The materials were being obtained at the sites from 
April till September. The number of bees caught alive by 
an entomological net and recorded during a 30 min walk at 
a given site along a transect of 200 m long was accepted as 
a sample. Samples of long-tongued bees were collected in 
optimal weather conditions (nice weather, air temperature 
of 19–25ºC) between 9 a.m. and 3 p.m. of Central-Europe-
an Time. Also flowering phenology was recorded for plants 
most frequently visited by bees (Tab. 2). 
Altogether 1520 specimens of wild bees and 1066 
workers of Apis mellifera L. were recorded in the study 
area, and they were included in the description of commu-
nities. In the structure of a community, the number of spe-
cies (S), seasonal dynamics of the count, general species 
diversity (H’) and evenness (J’) were defined. The formula 
of the general species diversity index was accepted after 
Shannon (Shannon & Weaver 1963): H’ = – ∑pi log2 pi, 
where pi = ni / N, which means a dominant fraction of the 
i-th species in a community consisting of S species, and N 
is a general number of all species. In order to define even-
ness of the communities, the index of Pielou (1966) was 
applied: J’ = H’/ H’max, where value H’max = log2 S. The in-
dex J’ assumes values within the range of 0 < J’ < 1, while 
decreasing the value till 0 means the increasing tendency of 
super-domination, and increasing the value up to 1 means 
the increasing tendency of co-domination.
Density of bees within each site was compared based 
on the t-test. Statistical significance of a difference be-
tween H’ values was assessed according to Hutcheson 
(1970). Significance of a difference was accepted at the 
level of P ≤ 0.05.
3. Results and discussion 
Altogether 97 bee species were recorded at the selected 
sites (Pawlikowski 1992). In the succession and develop-
mental sequence of the site with heather patches starting 
from a young coppice forest (YF), through a developed 
coppice forest (TF) until a forest stand (AF), the number 
of species was decreasing. This decrease proceeded in the 
approximate ratio of 2 : 1 : 1 in 1984 and 3 : 1 : 1 in 1985 
(Tab. 3). On the other hand, average density changed ac-
cording to the ratio of 5 : 4 : 1 in 1984 and 7 : 7 : 1 in 
1985.
General species diversity (H’) remained at a similar 
level (3.10–3.12) in 1984 and at a significantly different 
(P ≤ 0.05) level regarding the decrease of values (4.18–
2.74) in 1985. In 1984 the evenness index of quantitative 
distribution of species in a community (J’) demonstrated 
the stability in species' contribution at the stage of thick-
et phases of the heath and co-domination at the stage of 
mature tree stands. Whereas, in 1985 this index oscillated 
within a very similar range of values in all communities 
of succession- developmental phases, i.e. at the co-domi-
nation level (Tab. 5).
Successive overgrowing of the heath by forest in dune 
fields of the Toruń Basin decreased its habitat attractive-
ness for bees. As the heath area has been successively over-
grown by pine, two- threefold decrease in the number of 
species was observed. Blooming of heather increased the 
food attractiveness of heath and grassland patches for spe-
cies of social bees, especially bumblebees (Tab. 4). Fur-
thermore, it enriched the structure of communities with 










Young coppice [YF] 5 grass-stand of Corynephorus canescens, heath of Arctostaphyllo-Callunetum 15–25 4–5
Developed coppice [TF] 2 grass-stand of Corynephorus canescens, heath of Arctostaphylo-Callunetum 50 10–15
Forest stand [AF] 5 grass-stand with Deschampsia flexuosa and Convallaria majalis, heath with Calluna vulgaris 90 70
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Table 2. Full flowering phenology of plants most frequent visited by bees in grassland and heath paths of the Peucedano-Pinetum 
series in the Toruń Basin during 1984–1985
Species
Months
A M J J A S
Salix purpurea L. x x
Spergula morisonii Boreau x x
Potentilla arenaria Borkh. x x x x
Hieracium pilosella L. x x x x
Sedum acre L. x x x
Scleranthus perennis L. x x x x
Potentilla argentea L. s. str. x x x x x x
Echium vulgare L. x x x x x x
Peucedanum oreoselinum (L.) Moench x x x
Thymus serpyllum L. emend. Fr. x x x x
Centaurea stoebe L. x x x x x x
Melampyrum pratense L. x x x x
Tragopogon pratensis L. s. str. x x x x
Helichrysum arenarium (L.) Moench x x x x
Calluna vulgaris (L.) Hull x x x x
Table 3. Characteristics of the bee communities in grassland and heath paths of the Peucedano-Pinetum series (YF, TF, AF as in 




YF TF AF YF TF AF
Number of species 30 14 14 33 10 10
Abundance 
[specimens/200 m2/30 min] 21.04
a 16.20ab 3.69b 13.72 14.95c 2.17c
Species diversity
[Shannon’s index] 3.11 3.10 3.12 4.18
d 3.66de 2.74e
Evenness
[Pielou’ index] 0.64 0.67 0.82 0.83 0.82 0.83
a-e) Significance level P ≤ 0.05.
relatively numerous oligolectic species: Colletes succinc-
tus and Andrena fuscipes. 
In the analysis of seasonal dynamics of communities 
(Fig. 1), the influence of honeybees (from portable apiaries) 
on functional conditions of bee communities becomes par-
ticularly apparent. Undoubtedly, placing the apiary in 1984 
in the vicinity and within the heathland maintained the whole 
structure of communities at a more stable level from the func-
tional point of view (J’ values closer to the value of 0.5) as 
compared with the next year (without the portable apiary).
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Table 4. Bees most frequent visited flowering plants in habitats of the Peucedano-Pinetum series: YF – young coppice, TF – devel-
oped coppice, AF – forest stand
Species of bees
Visited plants (numbers according to Tab. 1)
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Colletes cunicularius (L.) TF
C. daviesanus Sm. YF
C. succinctus (L.)* YF-AF
C. marginatus Sm. YF AF
Hylaeus communis Nyl. YF YFAF AF
Andrena barbilabris (K.) TF YF YFTF
A. bimaculata (K.) TF
A. falsifica Perk. AF YFTF
A. flavipes Pz. TF
A. fuscipes (K.)* YFTF
A. haemorrhoa (F.) TF AF YFTF
A. praecox (Scop.) TF YFTF
A. vaga Pz. TF YFTF
A. ventralis Im. YF
Halictus confusus perkinsi Bl. YF YFTF TF
YF
TF YF





Lasioglossum lucidulum (Sc.) TF TF
L. leucozonium (Schranck) AF YFTF YF
L. punctatissimum (Sc.) AF TF TF YF
L. sexstrigatum (Sc.) TF TF YF
Dasypoda altercator (Harris) YF
Heliophila bimaculata (Pz.) YF TFAF YF
Bombus lapidarius (L.) YF YF TF YF YF
B. lucorum (L.) YF TFAF YF YF YF
B. pascuorum (Scop.) YF YF YF
B. ruderarius (Műll.) YF YF YF YF
B. terrestris (L.) YF YF TF YF YF YF YF
Number of bee species 7 7 10 2 5 5 6 6 4 5 5 2 2 2 8
*) Oligolectic on Calluna vulgaris.
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Figure. 1. Seasonal dynamics of bee communities in grassland and heath patches under secondary succession of  the Peucedano-Pin-
etum series in the Toruń Basin: YF – young coppice forest, TF – developed coppice forest, AF – forest stand, S – number 
of species, A – number of individuals observed within 200 m2 transect area per 30 min (grey parts reflect a participation 
of Apis mellifera), black dots – flowering period of Calluna vulgaris.
